Introduction
Globally, close to 140 million children of preschool age suffer from vitamin A deficiency and 43.2 million of these are in sub-Saharan Africa [1] . Supplementation with vitamin A in children aged 6 months and above is an important child survival intervention. However, the benefits of supplementation before 6 months of age are unclear, especially among children born to HIV-infected women. Trials that assessed the efficacy of vitamin A supplementation in the neonatal period showed mixed results [2] [3] [4] [5] , while supplementation between the ages of 1 and 5 months was not beneficial [6] [7] [8] [9] .
Children in developing countries are at risk of developing deficiencies of multiple micronutrients [10] . Approximately 30% children aged 5-14 years in a study from Kenya had severe deficiency of vitamin B-12 while 11% of children under 7 years were B-12 deficient in Venezuela [11, 12] . HIV-infected women have a higher risk of micronutrient deficiencies including vitamin B-12 and the risk may extend to children born to these women [13] . Low serum vitamin B-12 levels were associated with low CD4 counts and progression to AIDS and death in adults with HIV [14, 15] . However, the associations between vitamin B-12 levels in children and child morbidity and mortality have not been studied.
This prospective study among HIV-infected and uninfected children born to HIV-infected women in Tanzania examined the association between plasma concentrations of vitamins A and B-12 at 6 weeks and 6 months of age and mortality as well as respiratory and diarrheal morbidity through 24 months of age.
Methods
This prospective study was conducted among children born to HIV-infected women in Dar es Salaam, Tanzania, within a randomized trial setting. Details of the trial have been published elsewhere [16] . HIVinfected pregnant women were enrolled between 12 and 27 weeks of gestation and randomized in a double-blind factorial design to one of four arms: vitamin A (30 mg of beta carotene plus 5000 IU of preformed vitamin A); multivitamins excluding vitamin A (20 mg of vitamin B-1, 20 mg of vitamin B-2, 25 mg of vitamin B-6, 100 mg of Niacin, 50 mg of vitamin B-12, 500 mg of vitamin C, 30 mg of vitamin E and 0.8 mg of folic acid); multivitamins including vitamin A (same doses as above); or placebo. All women received daily iron and folic acid and weekly chloroquine phosphate. Women in the vitamin A arms received 200 000 IU of vitamin A at delivery while others received placebo.
Infant birth weight was measured immediately after birth and low birth weight was defined as birth weight <2500 g. Children were followed from birth through monthly visits to the study clinic and home visits were made in case of a missed clinic visit. Child mortality was based on maternal report of the child's death. During clinic visits starting at 6 weeks of age, children underwent a complete physical examination. Respiratory infection was defined based on the presence of cough along with rapid respiratory rate (breaths per minute 50 for infants, 40 for children older than 1 year). Diarrhea was defined based on maternal report of three or more watery stools in a 24 h period during the past month. As per national guidelines, all children in the study received 6-monthly doses of oral vitamin A (100 000 IU at 6 months and 200 000 IU at the age of 1 year and thereafter). Mothers provided a blood sample for assessment of absolute counts of CD4 T-cells at enrolment (using the FACScan and FACScount system, Beckton-Dickinson, San Jose, CA). Children were provided a blood sample at birth, at 6 weeks and every 3 months thereafter for assessment of HIV infection, and at birth and every 6 months thereafter for assessment of absolute CD4 T-cell counts. HIV-1 infection was diagnosed in the children on the basis of a positive polymerase chain reaction (PCR) before 18 months of age (using the Amplicor HIV-1 detection kit, Roche Diagnostics, Branchburg, NJ) or a positive enzyme linked immunosorbent assay (ELISA) confirmed by a western blot, at or after 18 months of age. Child CD4 counts were measured as in the mothers. Blood draws for measurement of serum concentrations of vitamin A and vitamin B-12 were scheduled to occur at 6 weeks and 6 months of age. Plasma vitamin A was measured by high-performance liquid chromatography using the Shimadzu system [17] and vitamin B-12 was analyzed by a competitive magnetic separation assay on the Technico Immuno-1 analyzer (Bayer, Tarryton, NY, USA).
Of the 1078 HIV-infected women enrolled in the trial 984 children were born alive including 939 singletons. Plasma vitamin A concentrations were available for 576 children at 6 weeks and for 425 children at 6 months while vitamin B-12 concentrations were available for 529 children at 6 weeks and 345 children at 6 months. Baseline characteristics were compared across quartiles of vitamin levels using the Chi-square test for binary variables and Kruskal-Wallis test for continuous variables.
We examined the association between plasma concentrations of vitamin A and vitamin B-12 and child mortality through 24 months of age using Cox proportional hazards models (Proc Phreg in SAS) and a counting process data structure was used to stratify analyses by HIV-infected and un-infected person-time till 24 months of age [18, 19] . For the 'HIV infected by 24 months' endpoint, the study population consisted of a subgroup of these children not known to be HIV-infected at 6 weeks. A composite endpoint 'HIV positive or dead by 24 months' was defined among these children not infected at 6 weeks, depending on whether the child survived up to 24 months of age and remained free of HIV infection.
Generalized estimating equations (GEE) (Proc Genmod in SAS) were used to examine the associations between time-varying vitamin A and B-12 concentrations and morbidity [20] . The missing indicator method was used for covariates with missing data [21] . The study protocol was approved by the relevant ethics committees in Tanzania and Boston.
Results
Plasma vitamin A levels were available for 576 children at 6 weeks (median ¼ 6.1 weeks; 25th, 75th percentile ¼ 5.9, 7.1) and for 425 children at 6 months (median ¼ 5.9 months; 25th, 75th percentile ¼ 5.9, 6.1). Among these children, 110 died by the age of 24 months and the median time to death was 9 months (25th percentile, 75th percentile ¼ 5, 15). At 6 weeks, 89% of the children had plasma vitamin A concentration <0.70 mmol/l and 22% had plasma vitamin A concentration <0.35 mmol/l while at 6 months, 83% and 20% of the children had levels below these thresholds respectively, which are commonly used for defining deficiency and severe deficiency [22] . Plasma vitamin B-12 levels were available for 529 children at 6 weeks (median ¼ 6.1 weeks; 25th, 75th percentile ¼ 5.9, 7.1) and for 345 children at 6 months (median ¼ 6.0 months; 25th, 75th percentile ¼ 5.9, 6.1). There were 100 deaths in this group by the age of 24 months and the median time to death was 9 months (25th percentile, 75th percentile ¼ 5, 15). The prevalence of vitamin B-12 deficiency as defined by a plasma level of <148 pmol/l [23] was 8% at 6 weeks and 7% at 6 months.
The baseline characteristics of the children across quartiles of vitamin A and vitamin B-12 are shown in Table 1 . In multivariate models children in the highest quartile of vitamin A had a 49% lower risk of mortality (HR ¼ 0.51, 95% CI ¼ 0.29-0.90) ( Table 2 ) as compared to those in the lowest quartile. There was no significant association between plasma vitamin A concentration and HIV transmission (Table 2) or with symptoms indicative of respiratory infection or diarrhea (Table 3 ). In the univariate model, higher concentration of plasma vitamin B-12 was associated with decreased risk of mortality (HR comparing top to bottom quartile ¼ 0.48). However, after adjusting for time-varying HIV status, plasma vitamin B12 concentration showed no significant association with mortality (HR comparing top to bottom quartile ¼ 0.98, P-value test for trend ¼ 0.86) ( Table 4 ). There was also no association with HIV transmission (P-value test for trend ¼ 0.37), HIV-free survival (P-value test for trend ¼ 0.42) ( Table 4) or with symptoms indicative of respiratory infection or diarrhea (Table 5 ).
Discussion
We found that plasma vitamin A concentrations in children born to HIV-infected women in Tanzania were inversely associated with mortality up to 24 months of age. Higher plasma vitamin A concentration was protective against mortality among HIVuninfected children in our study. Our results agree with those from a meta-analysis of eight communitybased trials of vitamin A supplements to children aged 6-72 months which showed a 30% reduction in the risk of death in the supplemented group as compared to the control group [24] . Randomized trials that provided vitamin A supplements to neonates showed mixed results with two trials from India and Indonesia showing a protective effect on mortality while a third from Zimbabwe showing no effect or a harmful effect [2] [3] [4] [5] .
In our study, plasma vitamin A was not significantly associated with mother-to-child transmission (MTCT). In randomized trials from Tanzania [25] and Zimbabwe [5] vitamin A supplementation had an increased risk of transmission and/or mortality, while in two other trials vitamin A supplementation had no significant effect on transmission [26, 27] . Our findings on the relationship between plasma vitamin A and health outcomes are based on observational data analysis; although we have adjusted for a number of confounding variables, the presence of residual confounding cannot be excluded. Also, our study had limited statistical power to examine the association between plasma vitamin A and HIV transmission, especially in the first 6 months. We found no statistically significant association between vitamin A concentrations and symptoms indicative of respiratory infection or diarrhea. In a metaanalysis of five trials, vitamin A supplementation had no effect on the risk of acute respiratory tract infection [28] . However in trials from Ecuador [29] and Indonesia [30] , vitamin A was associated with an apparently higher risk of respiratory infections among children who were 'better nourished' with a protective association among under-nourished children. A meta-analysis of eight clinical trials showed no overall effect of vitamin A supplementation on diarrhea with an equal number of studies showing positive and negative effects [31] . Our findings of a null relationship between plasma vitamin A and morbidity in the presence of a significant inverse association with mortality may also suggest that vitamin A is more important for reducing severity of infections rather than their incidence. One limitation of our study is that low plasma vitamin A concentration might be a result of an acute phase response and be a marker of advanced underlying disease [32] . However, this does not appear to be a major factor in our study as the protective effect of higher vitamin A concentrations were evident after adjusting for serum albumin levels which is known to be a negative acute phase reactant. Vitamin A is essential for optimal functioning of the immune system [33] . Animal studies have shown a reduction in the number of circulating natural killer (NK) cells which are important for protection against viral infections during experimental vitamin A deficiency [34] . We did not find any association between plasma vitamin B-12 concentrations and mortality or morbidity. Low serum B-12 levels were associated with faster progression to AIDS in a cohort of HIVinfected bisexual and homosexual men in North America [35] . Multivitamin supplements including vitamin B-12 given to mothers during pregnancy and lactation have been shown to increase plasma levels of these vitamins in their children and was also protective against child morbidity in that cohort [36, 37] . Our study was limited by the use of plasma vitamin B-12 concentrations as the measure of vitamin B-12 deficiency as plasma levels may not accurately reflect bioavailable vitamin B-12 and total homocysteine or methymalonic acid in the blood may be better markers of B-12 status [38] . The prevalence of vitamin B-12 deficiency in this cohort of children (8% at 6 weeks and 7% at 6 months of age) was also lower than that noted in studies from South America. Results from this study add to the evidence from clinical trials among children 6 months and older about the beneficial effect of vitamin A in children even in settings with high HIV prevalence. Periodic vitamin A supplementation of children starting at 6 months is an inexpensive and simple intervention and has a major role in reducing child mortality in countries where vitamin A deficiency is a public health problem. Results from clinical trials currently underway that are assessing the effect of supplementation among children with B-complex vitamins including vitamin B-12 will be able to shed more light on the role of vitamin B-12 in child health. From separate multivariate models and adjusted for maternal trial regimen, maternal education, maternal baseline CD4 count and the following child factors: age, HIV status (as time-varying), low birth weight, baseline CD4 count, plasma vitamin A and albumin.
